





















generating	 aggregates	 of	 mESCs,	 that	 we	 have	 dubbed	 gastruloids,	 that	 mimic	 the	 early	 post-implantation	
development	 of	 the	 embryo	 by	 virtue	 of	 their	 defined,	 small	 size.	 When	 cultured	 in	 the	 appropriate	 conditions,	
gastruloids	 break	 radial	 symmetry,	 polarise	 their	 gene	 expression,	 and	 specify	 the	 major	 body	 axes.	 They	 further	
undergo	a	gastrulation-like	process	and	axial	elongation,	and	follow	a	temporal	programme	of	gene	expression	that	
corresponds	to	post-occipital	embryonic	development,	exemplified	by	the	collinear	expression	of	Hox	genes	along	the	














display	 key	 features	 of	 early	 postimplantation	mouse	 development11-13.	 These	 structures	which	we	 call	 gastruloids,	
undergo	 spontaneous	 symmetry-breaking,	 specification	of	 the	 three	body	 axes,	 germ-layer	 formation,	 gastrulation-







ear	 and	 the	 cerebral	 cortex)14,	 a	 key	 difference	 in	 gastruloid	 culture	 is	 that	 the	 representation	 of	 tissues	 is	 not	
restricted	to	derivatives	of	a	single	germ	layer	or	organ;	rather	multiple	germ-layer	derivatives	form	as	part	of	a	larger	
whole13.	 From	 a	 technical	 perspective,	 this	 protocol	 bears	 close	 similarity	 to	 that	 used	 to	 form	 cortical	 tissue	
organoids	 (SFEBq	culture)15	 in	a	96-well	plate	 format,	which	 improved	reproducibility	and	 facilitated	 live	 imaging	of	






of	 gastruloids	will	 be	particularly	 important	 in	 enabling	 forms	of	 experimentation	 that	would	not	be	 feasible	when	
starting	with	mouse	embryos	(e.g.	when	large	amounts	of	tissue	are	required).	This	system	is	particularly	well-suited	
to	 experimental	 approaches	 using	 inducible	 gene-expression	 or	 gene	 knock-out	 systems,	 which	 can	 be	 easily	
controlled	under	the	minimal	culture	conditions.	Gastruloids	might	also	offer	a	route	to	deriving	embryonic	progenitor	



























































































Note	 1:	 The	 following	 protocol	 describes	 generation	 of	 gastruloids	 from	mESCs	 and	 miPSCs.	 Gastruloids	 can	 be	
reproducibly	 generated	 with	 mESC	 and	 miPSC	 lines	 from	 genetic	 backgrounds	 that	 include	 the	 129	 strain.	 The	
culture	 requirements	may	 differ	 for	mESCs	 and	miPSCs	 (e.g.	 the	 use	 of	 ES+LIF	Medium1	or	 2,	 respectively).	 Such	
differences	can	also	be	observed	between	different	mESC	lines	from	different	genetic	backgrounds.	
	
Note	 2:	 Gastruloids	 derived	 from	miPSCs	 generally	 require	 higher	 starting	 cell	 numbers	 (e.g.	 600-800	 cells/well)	
compared	 to	mESC-derived	gastruloids	 (e.g.	 300	 cells/well).	 The	optimum	starting	 cell	 number	 should	be	defined	
empirically.	
	







4. Rock	 the	 flask	 to	detach	 the	 colonies	of	 cells.	 If	 required,	 strike	 the	wall	 of	 the	 flask	 gently	 a	 few	 times	 to	aid	
detachment,	or	incubate	the	flask	at	37°C	for	30	seconds.	










































a. Tip:	 Using	 secondary	 media	 with	 different	 compositions	 will	 yield	 different	 results	 that	 are	 often	
apparent	as	changes	in	morphology	(see	12	and	11).		





























Aggregation	 failure	 might	 originate	 from	 the	 U-bottomed	 96-well	 plate	 of	 choice.	 Make	 sure	 to	 use	 the	
aforementioned	plates	for	efficient	aggregation.	The	culture	is	also	sensitive	to	the	starting	state	of	the	cells.	Failure	
to	aggregate	has	been	observed	in	stocks	that	have	been	maintained	at	high	confluence	(>90%)	or	under	stress	(e.g.	


















These	observations	 indicate	problems	 in	 cell	 counting.	 In	 the	 former	 case,	 underestimation	of	 the	 true	 cell	 density	
results	in	too	many	cells	being	plated	in	each	well.	This	can	produce	many	small	satellite	aggregates	that	can	fuse	with	



















The	 96-well	 plate	 format	 makes	 it	 easy	 to	 follow	 the	 development	 of	 single	 gastruloids,	 particularly	 through	 the	
acquisition	 of	 live	 imaging	 data	 by	 wide-field	 microscopy.	 Users	 of	 the	 protocol	 are	 encouraged	 to	 observe	 the	








At	 the	48	hour	 time	point,	 the	aggregates	should	be	smooth	spheroids	 that	have	 increased	slightly	 in	 size	over	 the	
preceding	24	hours.	
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